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(57) ABSTRACT 

A gearbox of a rotary-wing aircraft includes at least one 
variable speed system which optimizes the main rotor speed 
for different flight regimes such as a hover flight profile and 
a high speed cruise flight profile for any rotary wing aircraft 
while maintaining an independently variable tail rotor speed. 
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VARABLE SPEED GEARBOX WITH AN 
INDEPENDENTLY VARIABLE SPEED TAL 
ROTOR SYSTEM FOR A ROTARY WING 

AIRCRAFT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a rotary-wing 
aircraft, and more particularly to a variable speed rotary 
wing transmission gearbox system that allows operations at 
different ratios between the main rotor speed while main 
taining an independently variable tail rotor speed. 
0002 The forward airspeed of a conventional rotary wing 
aircraft is limited by a number of factors. Among these is the 
tendency of the retreating blade to stall at high forward 
airspeeds. As the forward airspeed increases, the airflow 
velocity across the retreating blade slows such that the blade 
may approach a stall condition. In contrast, the airflow 
Velocity across the advancing blade increases with increas 
ing forward speed. Dissymmetry of lift is thereby generated 
as forward air speed increases. 
0003. This dissymmetry of lift may create an unstable 
condition if not equalized across the advancing and retreat 
ing sectors of the rotor disc. Typically, blade flapping and 
feathering are utilized to substantially equalize the lift. 
However, as forward airspeed increases beyond a given 
point for a given rotor rpm, the flapping and feathering 
action eventually becomes inadequate to maintain Substan 
tial equality of lift over the rotor disc. At this point, reverse 
airflow across the retreating sector creates negative lift and, 
depending on the forward speed, creates a stalling or nega 
tive lift condition that travels outwardly across the blade as 
airspeed increases. 
0004 Conventional main rotor systems must be operated 
at airspeeds lower than those which cause reverse airflow 
across a Substantial part of the retreating blade and at an rpm 
low enough to alleviate any potential compressibility Mach 
number problems at the tip of the advancing blade. This has 
effectively limited forward airspeeds of conventional heli 
copters to approximately 180 knots. 
0005 Various rotor systems have been proposed which 
provide variable rotor speed. These systems, however, while 
changing the speed of the main rotor, also proportionately 
change the speed of the tail rotor as rotary wing aircraft tail 
rotors are mechanically linked to the main rotor such that the 
speeds of each are proportionally related. This prevents 
conventional rotary wing aircraft from benefiting from 
decreased rotor speed because the reduced tail rotor speed 
unacceptably reduces yaw control. So that the desired main 
rotor speed is not achievable. Similarly, at high forward 
flight speeds, it is desirable to reduce the tail rotor speed, so 
that the noise emissions form the rotorcraft are reduced. The 
tail rotor noise reduction is desirable for operation in popu 
lated and congested areas, but is often not possible because 
flight performance factors prevent a reduction in main rotor 
speed concurrent with the desirable tail rotor speed reduc 
tion. 

0006. Accordingly, it is desirable to provide a main 
gearbox system for a rotary-wing aircraft to maximize 
aircraft performance during a hover flight profile and a high 
speed cruise flight profile, respectively without affecting 
yaw control. 
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SUMMARY OF THE INVENTION 

0007 Agearbox of a rotary-wing aircraft according to the 
present invention receives engine power through a gear train 
such that the power therefrom is distributed to a main rotor 
system and a tail rotor system. The gearbox includes at least 
one variable speed system which optimizes the main rotor 
speed for different flight regimes such as a hover flight 
profile and a high speed cruise flight profile. Typically 
during landing, take-off, hover and low speed flight profiles, 
a lower main rotor speed is desirable for increased lifting 
capabilities while in a high speed cruise flight profile a 
higher main rotor speed is desired for improved rotor 
performance and higher forward airspeed. 
0008. The gearbox includes multiple gear reduction 
stages typically with a total reduction ratio anywhere from 
20:1 to 85:1. The high-speed inputs from the engines are 
connected to the first stage of the gearbox through input 
shafts. The final stage of the gearbox is connected to the 
rotor head by a main rotor shaft. The tail rotor is connected 
through a tail rotor shaft and a tail-take-off (TTO) gear that 
is in meshing engagement with gears in one of the interme 
diate main reduction stages. 
0009. One gearbox embodiment provides tail-take-off 
power extracted from the engine before a first gear reduction 
stage. Synchronized variable speed systems are located 
within each gear train just after the tail-take-off gear mesh 
and before the first gear reduction stage mesh. This provides 
for variation of the main rotor speed while maintaining a 
constant tail rotor speed. 
0010 Another gearbox embodiment locates a variable 
speed system downstream of the last gear reduction stage 
and just upstream of the main rotor shaft. This again allows 
for the variation of main rotor speed while maintaining a 
constant tail rotor speed with only a single variable speed 
system which eliminates the synchronization requirement of 
the above embodiment. 

0011. The present invention therefore provides a main 
gearbox system for a rotary-wing aircraft to maximize 
aircraft performance during a hover flight profile and a high 
speed cruise flight profile, respectively without affecting 
yaw control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The various features and advantages of this inven 
tion will become apparent to those skilled in the art from the 
following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed 
description can be briefly described as follows: 
0013 FIG. 1 is a general schematic view of an exemplary 
rotary wing aircraft embodiment for use with the gearbox 
system designed according to the present invention; 
0014 FIG. 2 is a perspective schematic view of a gearbox 
according to the present invention; 
0015 FIG. 3A is general schematic view of an exemplary 
high speed compound rotary wing aircraft embodiment for 
use with a gearbox system designed according to present 
invention; and 

0016 FIG. 4 is a perspective schematic view of another 
gearbox according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0017 FIG. 1 schematically illustrates a rotary-wing air 
craft 10 having a main rotor system 12. The aircraft 10 
includes an airframe 14 having an extending tail 16 which 
mounts a tail rotor system 18, Such as an anti-torque system, 
a translational thrust system (FIG. 3), a pusher propeller, a 
rotor propulsion system, and Such like. The main rotor 
assembly 12 is driven about an axis of rotation R through a 
main gearbox (illustrated schematically at 20) by one or 
more engines 22. The main rotor system 12 includes a 
multiple of rotor blades 24 mounted to a rotor hub 26. 
Although a particular helicopter configuration is illustrated 
and described in the disclosed embodiment, other configu 
rations and/or machines, such as high speed compound 
rotary wing aircraft with Supplemental translational thrust 
systems, dual contra-rotating, coaxial rotor system aircraft, 
turbo-props, tilt-rotors and tilt-wing aircraft, will also benefit 
from the present invention. 
0018. The main gearbox 20 is preferably interposed 
between the one or more gas turbine engines 22, the main 
rotor system 12 and the tail rotor system 18. The main 
gearbox 20 is preferably a split torque gearbox which carries 
torque from the engines 22 through a multitude of drive train 
paths. The multiple of paths provides a gearbox which is of 
significantly less weight than conventional planetary gear 
boxes while providing redundant transmission paths should 
one path be rendered inoperable. 
0019 Referring to FIG. 2, the main gearbox 20 is 
mechanically connected to the main rotor system 12 and to 
the tail rotor system 18 so that the main rotor system 12 and 
the tail rotor system 18 are both driven by the main gearbox 
20 but the main rotor system 12 may be drive at variable 
speeds relative the tail rotor system 18. 
0020. The main gearbox 20 receives engine power 
through a high speed input shaft 32 of a gear train 34 driven 
by the engine 22. Although only the gear train 34 from 
engine #1 will be discussed in detail herein, the gear train 36 
from engine #2 is identical and it should be understood that 
any number of engines 22 and associated gear trains may be 
utilized with the present invention. 
0021. Each engine 22 drives a gear train path such that 
the power therefrom is distributed to the main rotor system 
12 and the tail rotor system 18. Each gear train 34, 36 
respectively includes at least one variable speed system 
30A, 30B which are synchronized with each variable speed 
system 30A, 30B in each other gear train 36, 34. 
0022. The variable speed system 30 optimizes main rotor 
speed for different regimes of flight. The aerodynamics of 
high-speed rotary wing aircraft show a noticeable benefit by 
increasing rotor RPM in high speed cruise flight. A slower 
rotor speed is beneficial for thrust efficiency during hover 
and take-offs so that more payload can be carried with the 
same power, while a higher rotor speed during level flight 
improves forward flight speed and range performance, espe 
cially at high gross weights and altitudes. A still lower rotor 
speed is desirable during landings for noise reduction in 
certain Zones. The benefits can be upwards of 5 to 10% of 
the lift of the rotor, and 10 to 20% of the payload of the 
aircraft. The drive arrangement permits the speed of the 
rotor system 12 to be controlled so, for example, the 
above-described advantages are readily achieved. 
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0023 The high-speed input shaft 32 includes a gear N138 
which drives a corresponding gear N240. It should be 
understood, that although particular gear types are discussed 
in the illustrated embodiment and the preferred form may be 
specified, gear forms other than the specific gear forms may 
also be utilized with the present invention. The input shaft 32 
rotates about an input shaft axis of rotation 42 located 
generally transverse to the rotor axis of rotation R. 

0024. The gear N240 is an idler gear which drives a gear 
N344 which provides a gear reduction between gear N138 
and gear N344. Gear N344 drives a tail-take-off shaft 46 
which rotates about a tail-take-off shaft axis of rotation 48 
generally parallel to the input shaft axis of rotation 42. The 
tail-take-off shaft 46 drives a spiral bevel gear N450 
mounted thereto. The spiral bevel gear N450 meshingly 
engages a spiral bevel gear N552 mounted to a tail rotor 
input shaft 53. The tail rotor input shaft 53 includes a spiral 
bevel gear N656 which meshingly engages a main tail-take 
off (TTO) gear N776. The TTO gear N776 drives a tail rotor 
transmission shaft 78 about a tail rotor transmission shaft 
axis of rotation 80 to drive the tail rotor system 18. The tail 
rotor input shaft 53 is driven about a tail rotor input axis of 
rotation 82 which is preferably transverse to the tail-take-off 
shaft axis of rotation 48, the transmission shaft axis of 
rotation 80, and the main rotor axis of rotation R. Notably, 
the tail rotor input shaft 52 from each gear train 34, 36 
engages the main TTO gear N776 to provide redundant drive 
thereof. 

0025 The tail-take-off power is extracted from the engine 
before the first reduction. stage 82 and upstream of the 
variable speed system 30A which provides for variation of 
the main rotor system 12 speed with the variable speed 
transmission 30A while maintaining a constant tail rotor 
system 18 speed. 

0026. Each of the variable speed systems 30A, 30B may 
include a hydraulic system, a planetary gearbox, a multi 
plate clutch, a breaking system, or such like which permits 
at least two different rotor speeds for the main rotor system 
12 without disengaging the engines 22 or changing engine 
RPM. The variable speed systems 30A, 30B facilitate dif 
ferent flight profiles, such as a low speed flight profile and 
a high speed flight profile for any rotary wing aircraft. 
Typically during landing, take-off, hover and low speed 
flight profiles, a lower main rotor speed is required for 
increased lifting capabilities while in a high speed cruise 
flight profile, a higher main rotor speed is desired for 
improved rotor performance and increased airspeed. During 
any of the these flight profiles, the speed of the tail rotor 
transmission shaft 78 and the tail rotor system 18 are related 
to engine speed rather than the main rotor system 12 to 
assure adequate yaw control. It should be understood that the 
gear reduction from gear N138 to gear N344 is determined 
to provide adequate yaw control under desired engine oper 
ating speeds. 

0027 Gear N344 is also in meshing engagement with 
gear N884 of the first reduction stage 83. Gear N884 
preferably mounts the variable speed system 30A such that 
the reduction stage 83 speed is controlled thereby. That is, 
the reduction stage 83 operates at variable speed as set by the 
variable speed system 30A. Gear N884 drives a reduction 
stage shaft 86 about a reduction stage shaft axis of rotation 
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87. The reduction stage shaft axis of rotation 87 is generally 
parallel to the input shaft axis of rotation 42 and transmis 
sion shaft axis of rotation 

0028. The reduction stage shaft 86 includes a first spiral 
bevel gear N988 and a second spiral bevel gear N1090. Each 
spiral bevel gear N988, N1090 is in meshing engagement 
with a respective spiral bevel gear N1192, N1294 in a facial 
mesh arrangement which transfers torque from the reduction 
stage shaft axis of rotation 87 to respective axes of rotation 
96, 98 which are generally transverse thereto. Each spiral 
bevel gear N1192, N1294 drives a respective spur gear 
N13100, N14102 about their respective axis of rotation 96, 
98 which are generally parallel to the main rotor axis of 
rotation R. 

0029. The spur gears N13100 (shown in gear train 36), 
N14102 meshingly engage a main gear N16104 mounted to 
a main rotor shaft 106. The main rotor shaft 106 rotates the 
main rotor system 12 about the axis of rotation R. 
0030 The main gearbox 20 may also be configured for a 
high speed compound rotary wing aircraft 10' having a 
translational thrust system 18" (FIG. 3) in which the trans 
lational thrust system 18' is driven by the tail rotor trans 
mission shaft 78' to provide the primary forward thrust 
during a high speed flight profile. Of course, the gearbox 20 
must be adapted to drive a dual, contra-rotating, coaxial 
rotor system 12", but this is readily achieved by, for example, 
associating one of the respective spur gears N13100, 
N14102 with separate counter-rotating main gears which 
counter rotate associated main rotor shafts. For further 
understanding of a main gearbox and associated components 
thereof, which may be used in connection with the present 
invention, attention is directed to United States Patent Appli 
cation No. 1 1/140762 entitled SPLIT TORQUE GEARBOX 
FOR ROTARY WING AIRCRAFT WITH TRANSLA 
TIONAL THRUST SYSTEM which is assigned to the 
assignee of the instant invention and which is hereby incor 
porated by reference in its entirety. 
0031. The main gearbox 20 may alternatively be utilized 
with a helicopter where the tail rotor changes orientation to 
provide anti-torque forces to counteract the main rotor 
torque in hover and then transition to a pusher propeller 
orientation such as illustrated in FIG. 3 to then provide 
translational thrust during a high speed flight profile. 
0032 Referring to FIG. 4, another main gearbox 20' for 
a high speed rotary wing aircraft 10 is schematically illus 
trated. The main gearbox 20'includes a tail-take-offshaft 108 
with the spiral bevel gear N450 which drives the tail rotor 
system 18, as well as Supports the first spiral bevel gear 
N988 and the second spiral bevel gear N1090. The tail-take 
off and the first stage reduction are thereby combined into a 
single shaft as compared to the separate shafts as disclosed 
in the FIG. 2 embodiment. 

0033. The variable speed system 110, however, is located 
after the last reduction stage of the gearbox, just before the 
main rotor shaft 106". This again allows for the variation of 
main rotor system 12 speed while relating the tail rotor 
transmission shaft 78 and the driven tail rotor system 18 or 
translational thrust system 18 to engine speed rather than the 
main rotor system 12. The FIG. 4 embodiment advanta 
geously utilizes only a singe variable speed system 110 
which minimizes complexity and eliminates the need for 
synchronization. 
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0034. It should be understood that relative positional 
terms such as “forward,”“aft,”“upper,”“lower,”“above,”“be 
low,” and the like are with reference to the normal opera 
tional attitude of the vehicle and should not be considered 
otherwise limiting. 
0035) It should be understood that although a particular 
component arrangement is disclosed in the illustrated 
embodiment, other arrangements will benefit from the 
instant invention. 

0036) Although particular step sequences are shown, 
described, and claimed, it should be understood that steps 
may be performed in any order, separated or combined 
unless otherwise indicated and will still benefit from the 
present invention. 
0037. The foregoing description is exemplary rather than 
defined by the limitations within. Many modifications and 
variations of the present invention are possible in light of the 
above teachings. The preferred embodiments of this inven 
tion have been disclosed, however, one of ordinary skill in 
the art would recognize that certain modifications would 
come within the scope of this invention. It is, therefore, to 
be understood that within the scope of the appended claims, 
the invention may be practiced otherwise than as specifically 
described. For that reason the following claims should be 
studied to determine the true scope and content of this 
invention. 

1. A main gearbox of a rotary-wing aircraft comprising: 
a gearbox: 
a tail rotor system driven by said gearbox; and 
a variable speed system driven by said gearbox down 

stream of said tail rotor system and upstream of a 
reduction stage gear train. 

2. The gearbox as recited in claim 1, further comprising 
a main rotor system driven through said variable speed 
system at a variable speed relative to an engine speed and 
said tail rotor system driven at an independently variable 
speed relative said engine speed. 

3. The gearbox as recited in claim 1, wherein said variable 
speed system includes a multiple of variable speed systems, 
each of said multiple of variable speed systems driven in a 
synchronous relationship. 

4. The gearbox as recited in claim 3, wherein, each of said 
multiple of variable speed systems are located within a 
respective multiple of gear trains of said gearbox, said 
multiple of gear trains combined at a main gear which drives 
a main rotor shaft. 

5. The gearbox as recited in claim 1, wherein said variable 
speed system is located downstream of a main gear which 
drives a main rotor shaft. 

6. The gearbox as recited in claim 5, wherein said main 
gear is coaxial with said main rotor shaft. 

7. The gearbox as recited in claim 1, further comprising 
a tail-take-off shaft which rotates about a tail-take-off shaft 
axis of rotation, said tail rotor System driven through said 
tail-take-off shaft. 

8. The gearbox as recited in claim 7, wherein said 
tail-take-off shaft axis of rotation is generally parallel to an 
engine input shaft axis of rotation. 

9. The gearbox as recited in claim 7, wherein said 
tail-take-off shaft is in meshing engagement with a tail rotor 
input shaft driven about a tail rotor input axis of rotation, 
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said tail rotor input axis of rotation transverse to said 
tail-take-off shaft axis of rotation and a main rotor axis of 
rotation. 

10. The gearbox as recited in claim 7, wherein said 
tail-take-off shaft drives a gear train which includes said 
variable speed system. 

11. The gearbox as recited in claim 7, wherein said 
tail-take-off shaft drives a gear train which drives a main 
gear, said main gear drives a main rotor shaft coaxial 
therewith, said variable speed system downstream of said 
main gear. 

12. The gearbox as recited in claim 1, wherein said tail 
rotor system is an anti-torque rotor. 

13. The gearbox as recited in claim 1, wherein said tail 
rotor system is a translational thrust system. 

14. A split torque main gearbox system for a rotary wing 
aircraft comprising: 

an input shaft; 
a tail-take-off shaft driven by said input shaft, said tail 

take-off shaft driven about a tail-take-off shaft axis of 
rotation; 

a reduction stage shaft driven through said tail-take-off 
shaft, said reduction stage shaft driven about a reduc 
tion stage shaft axis of rotation; 

a variable speed system upstream of said reduction stage 
shaft and downstream of said tail-take-off shaft; and 

an independently speed-variable tail rotor system driven 
through said tail-take-off shaft. 

15. The gearbox as recited in claim 14, wherein said 
reduction stage shaft drives a main gear, said main gear 
drives a main rotor shaft coaxial therewith. 

16. The gearbox as recited in claim 14, wherein said 
tail-take-off shaft axis of rotation is generally parallel to said 
reduction stage shaft axis of rotation. 

17. The gearbox as recited in claim 14, wherein said 
tail-take-off shaft drives a tail rotor input shaft driven about 
a tail rotor input axis of rotation, said tail rotor input axis of 
rotation transverse to said tail-take-off shaft axis of rotation 
and a main rotor shaft axis of rotation. 

18. A split torque main gearbox system for a rotary wing 
aircraft comprising: 

an input shaft; 
a tail-take-off shaft driven by said input shaft, said tail 

take-off shaft driven about a tail-take-off shaft axis of 
rotation; 
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a first reduction stage gear train driven through said 
tail-take-off shaft; 

a second reduction stage gear train driven through said 
tail-take-off shaft; 

a variable speed system downstream of said tail-take-off 
shaft; and 

a tail rotor system driven through said tail-take-off shaft. 
19. The gearbox as recited in claim 18, further comprising 

a first spiral bevel gear and a second spiral bevel gear 
mounted along said tail-take-off shaft, said first spiral bevel 
gear and said second spiral bevel gear driving said first 
reduction stage gear train and said second reduction stage 
gear train. 

20. The gearbox as recited in claim 19, wherein said first 
reduction stage gear train and said second reduction stage 
gear train drive a main gear, said main gear drives a main 
rotor shaft coaxial therewith. 

21. The gearbox as recited in claim 20, wherein said 
variable speed system is downstream of said main gear. 

22. A main gearbox of a rotary-wing aircraft comprising: 
a gearbox: 
a tail rotor system driven by said gearbox: 
a variable speed system driven by said gearbox down 

stream of said tail rotor system and upstream of a 
reduction stage gear train; and 

a tail-take-off shaft which rotates about a tail-take-off 
shaft axis of rotation, said tail rotor System driven 
through said tail-take-off shaft, said tail-take-off shaft 
axis of rotation generally parallel to an engine input 
shaft axis of rotation. 

23. A main gearbox of a rotary-wing aircraft comprising: 
a gearbox: 
a tail rotor system driven by said gearbox: 
a variable speed system driven by said gearbox down 

stream of said tail rotor system and upstream of a 
reduction stage gear train; and 

said tail-take-off shaft drives a gear train which drives a 
main gear, said main gear drives a main rotor shaft 
coaxial therewith, said variable speed system down 
stream of said main gear. 


